The aim of the current study was to investigate if there are any health effects of long-term consumption of organically grown crops using a rat model. Crops were retrieved over two years from a long-term field trial at three different locations in Denmark, using three different cultivation systems (OA, organic based on livestock manure; OB, organic based on green manure; and C, conventional with mineral fertilizers and pesticides) with two field replicates. The cultivation system had an impact on the nutritional quality, affecting γ-tocopherol, some amino acids, and fatty acid composition. Additionally, the nutritional quality was affected by harvest year and location. However, harvest year and location rather than cultivation system affected the measured health biomarkers. In conclusion, the differences in dietary treatments composed of ingredients from different cultivation systems did not lead to significant differences in the measured health biomarkers, except for a significant difference in plasma IgG levels.
■ INTRODUCTION
There are several reasons consumers buy organic products, and two of the main ones are the belief that organic products have a better nutritional quality than conventional products, hence making organic products healthier. 1−3 Several systematic and nonsystematic reviews on the nutritional content and quality of organic produce have been published; some have concluded that organic produce has a higher nutrient content, 4, 5 whereas others have reported that there are no consistent differences between conventionally and organically grown foods. 6−8 With the small impact of agricultural practice on major plant nutrients, research interest has shifted toward plant secondary metabolites and antioxidants. 6, 9 Many of these plant compounds are still unknown, and only a very narrow range of compounds and their bioavailability have been studied in relation to the healthfulness of organic produce. As discussed by Brandt et al., 10 it is necessary to have a systematic approach for identifying those plant compounds that might have health-promoting properties to evaluate the health-promoting effects of organic produce. Besides the nutrient content of the plants due to cultivation systems, other factors such as mycotoxin and endotoxin contamination of the plants could also have an impact on the nutritional quality of the products. Some studies have shown that cultivation systems, climatic variation, previous crops, etc., can influence the content of these in the crops. 11−14 An additional problem for investigating if organically produced foodstuffs are healthier is how to measure health and to define health biomarkers. 1, 15, 16 Animal and human studies have been performed to evaluate the health effect; 17 however, as discussed in a systematic review by Dangour et al., 18 evidence is lacking for nutrition-related health effects from the consumption of organic produce, in part because of a lack of solid experimental designs, that is, randomized controlled trials in humans or animals, with sufficient sample size, long and realistic dietary exposures, and, finally, accurate and objective measurements of dietary intake and relevant health outcomes. With a rapidly expanding organic market throughout Europe and the United States 19, 20 and a changing modern organic production, the pivotal hypothesis that organic is more healthful than conventional has to be answered.
In a study by Lauridsen et al. 21 the objective was to define which measurable aspects of health would be affected by differences in cultivation methods, for more targeted future studies. A long-term feeding experiment with rats was performed, and several possible health outcomes were evaluated, that is, biochemical and physiological measurements (bioavailability of nutrients, metabolism, and nutritional status in blood and tissue), growth, physical activity, post-mortem evaluation, physiological functions of organs and intestine, and immunological analysis. Other studies have shown changes in some of the same or related indicators of health. A study by Huber et al.
14 evaluated healthrelated outcomes in a chicken model and concluded that both the specific and unspecific immune systems were affected by the cultivation system, as was the catch-up growth after an immunological challenge. A study by Finamore et al. 22 observed a difference in lymphocyte function in rats due to cultivation system.
In the aforementioned Lauridsen et al. 21 study complete diets rather than single food items were used,and the food ingredients came from strictly controlled and comparable fields. It is known that factors such as year, time of harvest, seasonal and climatic variations, genotype, and field location can affect the nutritional composition of the plants, which in turn could influence the healthfulness. 23−29 However, the Lauridsen et al. 21 experiment suffered, as most of the well-performed animal and human studies to date including the above-mentioned studies, 14, 22 from the fact that there were no field replicates per diet, which makes it impossible to estimate the variation due to factors such as location and year. The overall objective of the present study was to investigate if there are any health effects of the long-term consumption of crops from different cultivation systems. We therefore performed a long-term feeding study with rats to study the influence of agricultural practice (conventional vs organic with either livestock manure or green manure based fertilization), year, and location on the nutritional composition of the crops and levels of some health-related biomarkers. We tested the hypothesis that the cultivation methods could influence a spectrum of health-related biomarkers that has proven interesting in previous studies: nutritional status, antioxidant status, immunological status, fatty acid profile, growth, postmortem organ evaluation, and activity. A control diet (standard rat chow) was included in the study to establish the sensitivity of the rat model.
■ MATERIALS AND METHODS
Crop Production. Crops used for the diets were potatoes (Solanum tuberosum L. cv. Sava), winter wheat (Triticum aestivum L. cv. Tommi), 30 The current study included part of the treatments in the long-term experiment with 3 cultivation systems × 2 years × 3 locations × 2 field replicates = 36 diets. The cultivation systems had been maintained in the field experiments for about 10 years at the time the crops were grown for the current study. Winter rapeseed (Brassica napus L. cv. Elan (hybrid)) was not included in the long-term experiment, but was grown in a replicated field experiment with the same treatments and on the same sites as for the other crops. The agricultural treatments used were organic A (OA), organic cultivation with use of livestock manure without pesticides; organic B (OB), organic cultivation with green manure (legume-based cover crops) without pesticides; and conventional (C), inorganic fertilizer (NPK) plus pesticides. The legume-based cover crops were grown in autumn after the main crop and incorporated into the soil in spring before planting of the main crops to fix nitrogen from the atmosphere and prevent leaching of nutrients. Both organic systems were managed in full compliance with the Danish guidelines for organic farming outlined by the Danish Plant Directorate (http://www.pdir. fvm.dk/oekologi). The crops were grown in two successive years, 2007 and 2008 (years 1 and 2), at three different locations, Flakkebjerg (Fla), Jyndevad (Jyn), and Foulum (Fou), in Denmark. Further descriptions of field study design and of field and soil characteristics are given by Olesen et al. 30 and Laursen et al. 24 There was a total crop loss of fava beans in year 2 at Flakkebjerg due to a severe attack of aphids (Aphis fabae L.) and Fla-year 2 was excluded from the study, because it was not possible to compose the diets. Hence, the final number of experimental diets was reduced to 30.
Preparation and Composition of Diets. The potatoes were washed, boiled, and frozen on arrival at the Department of Animal Science, Aarhus University, Denmark (ANIS). Afterward, they were chopped and freeze-dried (European Freeze-Dry, Kirke Hyllinge, Denmark) and packed into airtight bags. On arrival at ANIS the winter rapeseed was made into cold-pressed rapeseed oil. The freeze-dried potatoes, fava beans, winter wheat, and spring barley were ground through a 4 mm screen. Representative samples were taken of all crops, and the field replicate samples were pooled, before the chemical composition of the crops was analyzed (Supporting Information, Table  S1 ). The crude protein content of the crops and literature data on vitamin, amino acid, and mineral content of the crops were used to calculate the proper diet composition, following nutrient requirement (NRC) recommendations for growing rats 31 (kg −1 complete diets; 130 g of rapeseed oil, 150 g of wheat, 270 g of barley, 270 g of fava beans, and 162 g of potatoes). All experimental diets were composed to contain the same percentage of each ingredient, to avoid elimination of any potential differences in nutrient content due to cultivation system, location, or year. However, it was not possible to design the diets to meet NRC completely using only these crops, so a minimum vitamin/mineral/ amino acid mix (18.4 g/kg diet) was added (kg −1 complete diets; 11.6 g of CaCO 3 , 1.1 g of NaCl, 0.7 mg of retinol, 10.0 mg of vitamin B 5 , 6.0 mg of vitamin B 6 , and 5.7 g of methionine) to avoid deficiency. The diets were packed in 1 kg plastic bags and stored at 4°C for up to 1 week and at −18°C for longer periods of the feeding experiment. Two additional control groups fed standard rat chow (CO) (Altromin, 1321) (Altromin Spezialfutter GmbH & Co. KG, Lage, Germany) were included.
Dietary Chemical Analyses. Dry matter (DM, g/kg feed) and ash content (g/kg DM) were determined according to AOAC methods.
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Gross energy (MJ/kg DM) was determined with a Parr 6300 calorimeter (Parr Instrument Co., Moline, IL, USA) (ISO 9831:1998). Starch (g/kg DM) was analyzed enzymatically as described by Bach Knudsen. 33 Nitrogen was determined by thermal conductivity after complete combustion at 1300°C in pure oxygen, 21 and crude protein (g/kg DM) was calculated as N × 6.25. The field replicates were pooled for analysis of amino acids (g/kg DM) and were analyzed by HPLC ((ISO 13903:2005), except tryptophan (trp) (ISO 13904:2005) ). Lipids from the rapeseed oil were extracted according to the method of Bligh and Dyer. 34 The extracted lipids were transesterified into fatty acid methyl esters and separated by gas−liquid chromatography as described by Rotenberg and Andersen;
35 C17:0 was used as internal standard (expressed as g FA/100 g FA). α-Tocopherol, γ-tocopherol, and vitamin C (mg/kg diet) was determined by HPLC. 36 The chemical composition of OA, OB, C, and CO diets and the composition of selected fatty acids in the added rapeseed oils are shown in Table 1 . Fatty acids presented in Table 1 include monounsaturated fatty acids (MUFA) (C16:1 + C17:1 + C18:1 + C20:1 + C22:1), polyunsaturated fatty acids (PUFA) (C18:2 + C18:3 + C20:2 + C20:3 + C20:4 + C20:5 + C22:5 + C22:6), and saturated fatty acids (SFA) (C14:0 + C15:0 + C16:0 + C18:0 + C20:0 + C22:0).
For endotoxin testing, the diets were pooled over cultivation systems and the samples were sent to Lonza, SPRL (Verviers, Belgium), where they were analyzed using the LAL kinetic chromogenic assay (European Pharmacopoeia section 2.6.14 methodology) (expressed as endotoxin units/mL).
The diet samples were extracted according to the method of Sulyok et al. 37 and screened for the two Fusarium mycotoxins deoxynivalenol (DON) and zearalenone (ZEA) by LC-MS/MS with the settings described in Josefsen et al. On arrival the rats were chipped and distributed randomly into 32 groups (30 experimental diet groups and 2 control diet groups = 32 groups) with 6 rats per group. After a week of acclimatization eating standard rat chow, the rats were provided their assigned experimental diets. Fresh water and feed were supplied ad libitum daily. They were housed in clear polycarbonate cages (59 × 39 × 20 cm) with stainless steel wire lids (Scanbur A/S, Lellinge, Denmark), shelter, biting sticks, and nesting material (Tapvei, Kortteinen, Finland). Room temperature and humidity were kept at 24−25°C and 50−60%, respectively, with alternating dark/light cycles of 12 h.
Protocol and Analytical Procedures for in Vivo Measurements. Figure 1 outlines the study duration with the observations and measurements relative to the age of the rats. The duration of the complete feeding trial was approximately 6 months (range, weeks 29− 30). Each week during the feeding trial a group-weighing was performed, feed intake was registered, and the rats were clinically evaluated. Every 4 weeks the rats were weighed individually. After week 12 (range, weeks 12−20), when fully matured, the rats were placed in individual cages for activity and heat production measurements. The rat's heat production and physical activity were measured with two open-air circuit respiration chambers in groups of six rats. Their energy metabolism and night/day activity were recorded over two days using passive infrared detectors. 21 The night (dark) period was from 6:00 p.m. to 6:00 a.m. the next morning and the day (light) period from 10:00 a.m. to 6:00 p.m., thus excluding the time when rats were fed and changed chamber. To ensure that there was no drift in the activity and heat production measurements over time, the CO group rats were measured at weeks 12, 16, and 20 as controls. The activity is expressed relative to activity at night of rats fed the conventional diet (C night = 100).
Protocol and Analytical Procedures for Post-Mortem Measurements. Sampling. Three randomly chosen rats from each group (N = (3 × 30 rats) + 3 CO rats = 93 rats) were weighed and euthanized by CO 2 asphyxiation for post-mortem measurements (weeks 29 and 30). Blood was collected by cardiac puncture and was centrifuged at 2000g, at . The weights (g/kg slaughter weight) of the heart, spleen, liver, lungs, pancreas, kidneys, adipose tissue, ovaries, and empty stomach were noted and the organs visually examined for any clinical signs of deviation from "normal health status"; the samples were stored at −20°C for later analysis.
Nutritional Status and Fatty Acid Profile. Concentrations of blood glucose, triacylglycerol (TAG, mM), cholesterol (mM), and aspartateaminotransferase (AST, EC.2.6.1.1, U/L) were determined according to standard procedures (Siemens Diagnostics Clinical Methods for ADVIA 1650). Concentrations of the nonesterified fatty acids (NEFA, μekv./L) were determined using the Wako NEFA C ACS-ACOD assay method. All analyses were performed using an autoanalyzer, ADVIA 1650 Chemistry System (Siemens Medical Solutions, Tarrytown, NY, USA). All intra-assay precision validations were within 3% (CV). Plasma insulin (μg/L) was measured using a rat insulin ELISA assay (EIA-2048), following the manufacturer's instruction (DRG Instruments GmbH, Marburg, Germany).
Fatty acid composition (g FA/100 g FA) of the liver, adipose tissue, and plasma was measured as described above for the diets.
Antioxidant and Immunological Status. Plasma and liver α-tocopherol, retinol, and β-carotene concentrations (μg/mL and μg/mg liver, respectively) were analyzed by HPLC. 39, 40 Plasma IgG, IgM and IgA concentrations (μg/mL) were measured using commercially available rat ELISA kits (Bethyl Laboratories, Inc., Montgomery, TX, USA).
Calculations and Statistical Analysis. The data analyzed, Y yslb, were the averages across the three rats that consumed the same diet. The responses were modeled with the linear mixed model
where μ is the generalized intercept, β y (y = year 1, year 2) is the effect of year, δ l is the effect of location (l = Foulum, Jyndevad, Flakkebjerg), and γ s (s = C, OA, OB) is the effect of growth system. The errors (ε) are considered independently and normally distributed and represent corresponding variance components of interaction and ε ylb (b = plot is the random effect of plot within year × location). The pairwise comparisons and their confidence intervals between the systems were adjusted to obtain a familywise error rate of 5%. The model was fitted using the Proc Mixed procedure of SAS/STAT software (http:// support.sas.com/documentation/cdl/en/statugmixed/61807/PDF/ default/statugmixed.pdf).
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All data are presented as LSMEANS and their standard deviation for the cultivation systems. When a statistical difference due to harvest year or location was observed, it is denoted in the table or the table footnote. The descriptive data for cultivation system × year × location is found in the Supporting Information (Tables S1−S8 ).
■ RESULTS
Diets. Table 1 shows the chemical composition of the different cultivation system diets. No difference was observed between cultivation systems in gross energy, DM, ash, and starch. However, a DM difference was observed between the two years (year 1 = 908 and year 2 = 917). Although there was no difference in crude protein between the cultivation systems, some significant differences in a few of the nonessential amino acids were observed, that is, glutamine and proline being higher in C than in OA and glycine being affected by location (Fla and Fou > Jyn; Supporting Information, Table S2 ). Vitamin E levels fulfilled NRC for growing rats. α-Tocopherol concentrations were similar between the diets, whereas γ-tocopherol was significantly lower in OB than in C. Year influenced vitamin C (year 1 = 5.81 and year 2 = 9.16) (Supporting Information, Table S2 ). Fatty acids C18:3, C20:2, and C22:0 were significantly higher in the conventional rapeseed oil than in the organic, whereas C18:1 was significantly lower in C than in OB. Several fatty acids in the rapeseed oil were affected by year (C18:1, C18:2, and C18:3) and location (C18:1, C18:2, C18:3, C20:2, and C22:0) (Table 1 and Supporting Information, Table S2 ). The CO diet was a commercial diet and had a completely different composition, and NRC requirements for growing rats were fulfilled.
None of the experimental diet samples contained DON and ZEA above the limits of detection, 400 and 100 ppb, respectively. Endotoxin levels (endotoxin units/mL) in the complete diets were year 1, Fou = 2.11, Jyn = 7.97, and Fla = 2.95; and year 2, Fou = 4.86 and Jyn = 2.87, which were similar to CO = 2.79.
Growth, Organ Weight, and Activity. The rats were clinically healthy throughout the study, and the feed was well accepted. One rat from the Jyn−year2 conventional diet died during the study, and the autopsy revealed no diagnostic reasons (N = 92). The rats performed well on both the experimental diets and the control diet. There was no statistical difference in final body weight, daily gain, or relative organ weight of the rats, between the cultivation systems, years, or locations (Table 2 and Supporting Information, Table S3 ). The relative activity of the rats was recorded during the measurement of the energy metabolism and is presented for day (light) and night (dark), respectively (Table 3) . Activity was higher during the night as rats are nocturnal animals and, subsequently, heat production was higher. However, there was no difference between the cultivation systems. Nutritional Status and Fatty Acid Profile. No effect of cultivation system, year, or location was observed on the nutritional status of the rats (Table 4) , except for an effect of location on plasma NEFA concentrations (Fou > Jyn; Supporting Information, Table S4 ). Likewise, there was no influence of cultivation system on the fatty acid profile of plasma, liver, and adipose tissue (Table 5 ). However, several fatty acids were affected by year: plasma, C18:3n-3; liver, C18:3n-3 and C20:4n-6; and adipose tissue, C16:0, C16:1, C18:1, C18:2n-6, and C18:3n-3. Adipose tissue C18:1 was also affected by location (Table 4 and Supporting Information, Tables S6 and S7 ). The CO diet led to a different nutritional status and fatty acid profile of the rats than the experimental diets.
Antioxidant and Immunological Status. Plasma IgG was influenced by cultivation system, and rats eating diets from cultivation system C had a significantly higher plasma IgG concentration than rats eating OB. The dietary treatments had no effect on either IgA or IgM (Table 6 ). There was an effect of location on plasma retinol (Fla > Jyn > Fou; Supporting Information, Table S5 ), whereas vitamin E did not differ due to cultivation system, location, or year (Table 6 ).
■ DISCUSSION
In previous studies only a very narrow range of nutrients and their bioavailability have been investigated in diets in relation to the effect of agricultural practices on nutrient quality and on the influence on health outcomes. In general, no major differences according to cultivation system have been reported in nutrient quality, except reasonable consistent trends of lower vitamin C and higher nitrate in conventional vegetables than in organic and lower protein content and higher phosphorus in organic cereal than in conventional. 4, 5, 7, 8, 29 Many plant components might still be unknown, and secondary metabolites and antioxidants are getting more attention in current research. 6, 10 Few well-designed animal or human studies with clear health biomarkers looking at nutrition-related health effects have been performed. 1, 18 No systematic nutrition-related health effects have been established either; however, some studies have shown that immunological parameters and growth might be sensitive to effects from cultivation systems. 14, 21, 22, 42 Cultivation Methods Effect on Nutritional Quality and Health Biomarkers. The rats used in the current study were all clinically healthy, with normal food intake and increase in body weight during the long-term feeding experiment without any remarkable deviations from a "normal physiological response". The essential amino acids (threonine, valine, leucine, lysine, and tryptophan) were just below NRC for growing rats in the experimental diets, but above NRC requirements for maintenance. However, the rats did not show any signs of amino acid deficiencies, 31 and the growth of the rats eating the experimental diets followed that of the CO group, whose diet had an abundance of amino acids. In addition, the inclusion of the CO diet in the experimental design showed that the rat model was sensitive and that it was possible to detect effects of intake of different nutrients in the measured biomarkers of health. In the present study, analysis of the diets showed that the diets made from conventional crops were higher in some nutritional components (glutamine, proline, γ-tocopherol) and some fatty acids (C18:3, C20:2, C22:0) than the organic diets, whereas the concentration of C18:1 was higher in the organic OB than in the conventional diet. However, the cultivation system differences in the measured nutritional quality parameters of the diets were not major differences and did not translate into any distinct differences in the measured health outcomes.
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Interestingly, and in accordance with previous studies, 14, 21 plasma IgG was affected by cultivation system. However, in the current study rats eating the conventional diet had a higher plasma IgG level than those eating the organic diet, which conflicts with the results of Lauridsen et al. 21 and Huber et al. 14 Lauridsen et al. 21 found a lower plasma IgG in rats eating a HIplusP (high fertilizer plus pesticide) diet, compared to rats eating LIminusP (low fertilizer input minus pesticide) and LIplusP (low fertilizer plus pesticide) diets. A higher level α-tocopherol was also detected in the LIminusP diet, and because it is known that vitamin E is important for the immune function, 43−45 it was suggested as a possible nutrient component that could have affected plasma IgG levels. However, in the current study there were no differences between the cultivation systems in dietary, plasma, or liver α-tocopherol. A difference in dietary γ-tocopherol was observed, but this difference could not be reproduced in liver γ-tocopherol. In the Huber et al.
14 study both the specific and unspecific immune systems were affected by cultivation system, and chickens eating organic diets had higher antibody titers than those eating the conventional diets. Several possible reasons for the change in the immune responsiveness were suggested, that is, immune-stimulating Gram-negative bacteria or LPS in the feed, 14, 46 weight reduction/gain, 47 and alterations in metabolism. 48 However, in the current study there were no differences in the growth, activity levels, and heat production due to cultivation system. The endotoxin levels were measured only with regard to location and year, so it was not possible to say if there were any immune-stimulating effects of endotoxins due to cultivation system. Mycotoxins are also known to have immunomodulatory effects, 49 and in the Finamore et al. 22 study DON was suggested as having the effect on the altered lymphocyte function due to cultivation system. However, this was not the case because the level of mycotoxins was lower than that reported to affect the immune system. Fusarium mycotoxin (DON and ZEA) levels in the current study were below the detection limit, and hence no differences between cultivation systems were observed. However, the detection limits in the setup used in the current study were a little high, so there could have been cultivation system differences that we were not able to detect. Fatty acids are also known to influence immune responses and health; 50, 51 however, the higher C18:3 level in the conventional diet than in the organic diets did not lead to any rise in plasma, liver, and adipose tissue C18:3n-3 levels in the C group rats. Therefore, in conclusion, it was not possible in the current study to explain the nutrient-related effect on plasma IgG levels or to conclude if a difference in plasma IgG should be considered an improvement of the immune status or not. Future studies should look at the impact of cultivation methods on immune function. Focus should be given to the immune system of young individuals in which the immune system is developing and therefore could be more sensitive. This could be done by a multigeneration study to investigate the long-term effect of the maternal diet during different sensitive stages such as pregnancy and lactation on the health of the offspring and the effect of early nutrition on health in adulthood.
The aforementioned studies indicate that consumption of feed from different cultivation systems can lead to differences in immunity health parameters, and trace elements are considered interesting in relation to nutritional quality and the ability to affect health. However, a study by Laursen et al. 24 performed on crops from the same field experiment concluded that there were no systematic differences between organic and conventional crop content of essential plant nutrients (C, N, K, Mg, P, S, Ca, Fe, Mn, B, Zn, Cu, Mo, Ba, Sr, and Na), and mineral content was also affected by year and location. Using the data from the individual crops in the aforementioned study, it was also possible to calculate the mineral content of the diets, and NRC requirements for growing rats was met.
Location and Year Effects on Nutritional Quality and Health Biomarkers. It must be stressed that the feed items used in the current study were produced from crops grown in welldesigned and controlled field experiments with replication. The cropping systems had been maintained in the field experiments for about 10 years at the time the feed crops in our study were grown. The feed items produced therefore represented the longterm effects of different cultivation systems. Year and location were included in the experiment setup, because it is well documented that crop nutritive values are dependent on factors such as harvest year, specific field location, and time of harvest. 23−27 In accordance with the literature, results from the current study showed that year and location had as much of an effect as cultivation system on the measured nutritive values of the diets, and when health-related outcomes were evaluated, year and location influenced more variables than cultivation systems did. Diet samples were pooled across cultivation systems for endotoxin analysis, and it appeared that an interaction between the factors location and year could influence the levels, which in return could have an influence on health outcomes. The changes due to location and year in fatty acid composition of the rapeseed oils in the diets (C18:1, C18:2, and C18:3 and, hence, MUFA and PUFA) were also observed in the liver, plasma, and adipose tissue composition. In conclusion, year and location were the more important factors affecting the nutritive content and the related health implications, to a degree that might have overruled any potential effects of cultivation system. The effect of location and harvest year in the current study could possibly be due to unmeasured chemical components of the crops, such as secondary metabolites or phytochemicals, that can be affected Many studies have compared the nutritional values of organic and conventional foods, but few have investigated the health implications of eating organic and conventional foods. The strength of the present study lies in (1) the well-controlled longterm field experiment for producing feed, with three cultivation systems, three locations, and two years with two field replicates and (2) the long-term rat feeding study in which numerous health-related outcomes were investigated. From the study it could be concluded that besides plasma IgG levels, none of the measured health biomarkers were affected by cultivation system, although some differences in nutritional quality were observed. The small (or absent) differences between health outcomes of the different cropping systems may partly have been caused by the moderate rate of use of chemical fertilizers and pesticides in the conventional treatment in the experiment. This followed guidelines for farming in Denmark, where inputs of inorganic fertilizer and pesticides over the past 20 years have been lowered considerably to reduce the environmental pressure of farming practices. Finally, it was concluded that in the current study year and location affected nutritional quality and (maybe even more) the measured health biomarkers as much as cultivation system.
For future studies we find that it is important that the feed is produced in well-controlled field studies with year, location, and field replicates included, making it possible to correctly investigate the effect of cultivation system. More extreme cultivation systems could also be included to reveal possible thresholds in the composition of the crop products, for example, by further increasing fertilizer and pesticide inputs in the conventional treatment. In addition, we suggest that future studies designed to investigate the variability of cultivation systems should focus on immune parameters as health-related outcomes, maybe with a multigenerational setup and/or using an animal model in which health is studied in a more dynamic way by presenting challenges to the animals, for example, an immune challenge, to study the resilience of a physiological response. 
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